With an all-metal "swing separator" having unique features, thermal diffusion factors ay for He 3 /He 4 and Ne 20 /Ne 22 have been measured with improved accuracy down to average gas temperatures 7=136 °K. For helium ar is 0.0696 ±0.0010 at 136 °K, dropping gradually to 0.0651 ± 0.0010 at 313 °K. These data, plus measurements by VAN DER VALK and DE VRIES at somewhat higher temperatures, agree best with values predicted by an exp-six intermolecular potential with e/k = 9.16 and <z = 12.7. We are extending these helium measurements down to T=4 °K for the lower temperature, to detect if possible quantum corrections to the intermolecular potential. For neon ar increases from 0.0166 ±0.0010 at 136 °K to 0.0233 ±0.0020 at 310 °K, considerably higher than our previously reported values. These T. D. factors for neon are in good agreement with values calculated from an exp-six potential with e/A;=46.0 ± 0.6 and a = 13 .
The variation of isotopic thermal diffusion factors (Xf with temperature is most accurately measured with a relatively simple apparatus, the "Trennschaukel" or swing separator, first described by CLUSIUS and HUBER 1 and used for precision measurements of this factor for a binary gas mixture.
Extension of this technique to isotopic mixtures was
made by MORAN and WATSON 2 in this laboratory, with measurement of a^ for each of the noble gases over a range of temperature higher than T = 236 °K.
These measurements were extended here to somewhat lower temperatures 3 for He, Ne, and Ar. From a number of indications, however, it became evident that many of our measured values of a^ were too low, by 10 per cent or so, because of questionable features of the equipment as well as the procedures.
We believe that all of these errors have been eliminated in the research reported herein.
In order to attain the full cascading effect theoretically possible from the swing-separator concept, it is essential that an isothermal region be maintained at the top and bottom of each tube. Also, these regions must be large enough so that the only interchange of gas between tubes during the swinging process involves gas solely from these isothermal end regions. Since it is mandatory that these top and bottom temperatures be held constant, fast ex-* Work supported in part by the United States Atomic Energy Commission.
T Part of a dissertation to be submitted by A. J. HOWARD in partial fulfillment of the requirements for the degree of Doctor of Philosophy at Yale University.
periments are preferable to slow ones. The equilibrium time for the entire series of n tubes varies as n 2 , and hence there is a positive advantage in employing as small a number of tubes as possible.
It must also be remembered, however, that the total change in concentration AC varies directly as n.
Inspection of reference 2 will show that in this earlier research with a 22-tube, all-metal apparatus many features and procedures were carefully considered. It is now clear, however, that the amount of gas displaced in each swing was too close to the volume of the isothermal end regions, making it possible for some gas from the non-isothermal regions to be transported between tubes. Also, since the Monel-metal tubes were only 7 cm in total length and of wall thickness 1 mm, the temperature gradient was probably too severe to thermally isolate the two isothermal regions. As for glass swing-separators 3 , we now conclude that it is in practice unduly difficult, with n fairly large, to maintain all of the upper tube regions at the same constant temperature.
It is true that the thermal diffusion factor aT is independent of the concentrations Ct and C2 of the two isotopes in the binary mixture. But since we employ the relation for which it is assumed that the sum of the products C2 for all n tubes is nfC^ C2] initial ? the least error is introduced if Ct = C2 = 0.5, since C1C2 varies only slightly from tube to tube if the concentrations are near equality. Also, since the product Cx C2 is a maximum for this 50 -50% mixture, AC is also maximized for the given conditions. A third advantage of using a 50 -50% mixture of the two isotopes is that the relative abundance measurements with the mass spectrometer are the most accurate because it is then not necessary to change sensitivity scales, the base line for the mass peaks is the same, etc. In the earlier work in this laboratory the two concentrations were never close to equality.
Inspection of Eq.
(1) also indicates that for a constant value of T2 -Tx the variation of ln (7 1 
Experimental Features
Guided by these thoughts, we constructed the 4-tube swing-separator shown schematically in Fig. 1 . The tubes are stainless steel, 2 cm I.D. and 0.010 inch wall thickness. The interconnecting capillaries are also stainless steel, 1.5 mm I.D. The 15-cm long tubes are imbedded to a depth of 3 cm at each end, with good thermal contact, into a large block of electrolytic copper. This makes the volume of the isothermal region at each tube end about 9 cm 3 , while the volume of gas displaced by the gas pump is from 1 to 2 cm 3 . The 9-cm tube length between the copper blocks diminishes the temperature gradient, and these lengths are jacketed with asbestos to isolate them thermally into the system. For constant-temperature baths in the lowtemperature range, a sheet-copper pan is soft-soldered around the upper copper block, while the lower block is immersed into liquid nitrogen, etc., in a large dewar. For the gas swinging the micro-bellows pump working push-pull with a full period of 30 sec is an improvement over the rocking mercury-filled U-tube. This period was chosen with consideration of the calculation of SAXENA and MASON 4 that the equilibrium time is about 10 sec for a single tube of comparable dimensions. Since the total equilibrium time is increased not only by this slow swing period but also by our enlarged ratio of the isothermal volume in the tube to the gas displacement volume, rough calculation indicated an equilibrium time of about 2 hours. Actually, for all the results reported below we have analyzed gas samples to 5 or 6 hours for assurance that the equilibrium value of AC was being measured. In all cases we have used about a 50-50% mixture of He 3 /He 4 or Ne 20 /Ne 22 at about 15 cm of Hg pressure.
Results for Helium and Neon
In Tables 1 and 2 Phys. 34, 345 [1961] . from 3 to 6 hours after the start. We also list the top (T2) and bottom (Ttemperature from each run, the value of aT calculated using Eq. (1), and the value of the reduced thermal diffusion factor a0 defined as
It is these a0 values that are plotted in Figs Our hearty congratulations to Professor CLUSIUS on this occasion of his 60th birthday. We wish him many years to come of productive research in his fine institute.
